Abstract-The performance of thin, cerium activated, yttrium aluminum garnet (YAG:Ce), scintillating fiber-shaped crystals were investigated following ion irradiation. The optical behavior of the YAG:Ce fibers was simulated using DETECT2000, a Monte Carlo based software program designed to model the optical properties of scintillators. The fibers were exposed to a focused beam of 0.5 and 1 MeV electrons. Fiber light output and color shift were analyzed following irradiation.
For each of the six fibers under study, 1600 alpha particle scintillation pulses were collected via MPPCs, directly digitized by the oscilloscope. Additionally, digitized scintillation waveforms for one fiber, F6, were collected during gamma irradiation from a bare 22 Na source. This fiber was wrapped in several layers of Teflon tape. These waveforms were digitally processed to compare the U.S. Government work not protected by U.S. copyrightfluorescence decay profiles to the values published in literature.
The YAG:Ce decay profile fiber experiment was modeled in OETECT2000. Scintillation parameters from Ludziejewski, et aI., were chosen for this model [4] . Specifically, a light yield of 17,000 ph/MeV was selected and an aly ratio of 21% was applied; therefore, the 5.4 MeV a-particle was assumed to produce 17,000 scintillation photons (approximately accounting for energy lost due to particle straggling). Two decay constants, 88.9 ns and 458.5 ns, were chosen with two independent intensities, 14.9% and 85.1% respectively. The refractive index of the 400 /lm diameter by 100 mm long cylindrical Y AG:Ce fiber was set to 1.82 and the emission wavelength was set to 550 nm, the emission peak ofYAG:Ce.
Air was used as the fiber cladding (n=I.00). Importantly, the surface treatments were modeled as polished; this surface model applies only refraction and reflection due to changes in the refractive index between the air and the fiber. In addition to alpha radiation, several gamma sources were also collimated and used to irradiate the Y AG:Ce fibers during MPPC readout. Again, because of the low count rates from gamma irradiation of Y AG:Ce, the energy resolution measurements from a 22 Na source were taken using only the one Teflon-wrapped fiber, F6. These sources were placed behind a 2.54 cm thick lead brick with a 1 mm diameter hole removed for collimation. The resulting spread of the gamma beam at a distance of 7.52 cm is only 6 mm.
The YAG:Ce energy resolution measurements were made using the photodetector (i.e. either MPPC or PMT) connected in series to a Cremat CRIll charge integrating preamplifier, an Ortec 672 shaping amplifier with a 1 /lS shaping time, and an ADCAM multi-channel analyzer.
Finally, nine fiber pieces were selected and affixed to a copper cold head and irradiated with electrons in the Dynamitron operated at Wright-State University, OH. A spectrometer with CCO sensor was used to view the spectral output of the fibers during irradiation. The fibers were irradiated for approximately 1.5 hrs using electron energies of 500 keV and 1 MeV and current from 0.5 to 2 /lA.
II I. REs UL TS
A. Decay Profile
The scintillation pulse shapes of 1600 events were recorded, summed together (i.e. filtering the MPPC signa\), and normalized for each fiber, the results are shown in Fig. 2 . The decay profile for each fiber was fit using a sum two exponentials for each fiber and the fit parameters are given in Table 1 . The fit began at the peak of the scintillation pulse [4] . The slow decay components of the alpha scintillation reasonably compare to the slow components measured by [4] . The trends of the relative intensities are also in agreement with the results reported by Moszynski et at. [5] . Of course, the materials studied by these groups are assumed to be homogeneously doped with a cerium activator. This is unlikely the case for the single crystal fibers grown via Il-PD, as shown in [6] , [7] , and [8] .
The fast and slow decay components of F6 in response to gamma scintillation are 128.1 ± 2.4 ns and 561.8 ± 56.8 ns with respective intensities of 56.6 ± 1.1% and 43.4 ± 4.8%.
Interestingly, as shown in Fig. 3 , the decay time constants are nearly identical to the fiber's alpha scintillation response.
Thus, the decay time constant change between alpha and gamma scintillation in bulk Y AG:Ce observed by Moszynski et al. is not apparent in this fiber shaped sample. This could be explained by particle straggling, or perhaps by a lower concentration of Ce activators which is supported by the longer than expected scintillation decay times.
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B. Energy Spectrum and Resolution
Attempts to measure the achievable energy resolution using Y AG:Ce fibers with fiber end MPPC readout were unsuccessful due to the lack of a measureable photopeak using gamma sources. Spectra were collected using traditional NIM spectroscopy electronics (e.g. charge integrating preamplifier, shaping amplifier, and multi-channel analyzer). A typical measured spectrum is shown in Fig. 5 , taken under gamma irradiation from a 22 Na source. should be expected at channel #667, which agrees with the data in Fig. 6 . These results are no substitute for a proper energy calibration, to say the least; rather, they merely serve as sanity check to the system response. The results of the alpha spectroscopy experiment are expected. The spectrum shown in Fig 6 represents a typical alpha spectrum; there is a well defined (electronic noise broadened) peak with a low energy tail which represents the particles that lost energy along their tracks to the detector (i.e. straggling). However, the gamma energy spectrum lacks distinguishing spectral features making it difficult to calibrate and impossible to determine energy resolution.
To explain the lack of resolution, the experiment was simulated using a popular particle tracking code called Monte The intensity of the green channel was plotted in Fig 8 for three vectors across the fiber, as shown in Fig. 7 . However, the camera's 8-bit ADC was saturated by the intense luminescence at even the lowest UV illumination setting; this is shown by the plateau at values of 255 in Fig. 8 . Although this data does not indicate the cerium concentration directly, one might assume a linear relationship between the concentration and light yield, as shown for LuAG:Ce by Dujardin, et aI., in [8] .
C. Electron Irradiation
The light output from nine pieces of Y AG:Ce crystal fiber was monitored during room temperature electron irradiation in a Dynamitron. The two peaks associated with the splitting of the Ce ground state into two levels in Y AG crystal are clearly seen in the spectrum, Fig. 9 at approximately 526 and 572 nm [10] . The scintillation response of the fibers is linear at the 500 keV electron energy as seen in the relative increases in Fig. 9 . A curve fitting routine was used to identify the peaks in the spectrum. The intensity of the peaks at the various currents level for 500 keV and 1 MeV electrons is plotted in Fig. 11 . Spectral output of the fibers under exposure to high-energy electrons was measured for 500 keV and 1 MeV electrons.
The output of the fibers showed a linear response to flux at 500 keV, however the response at 1 MeV fit best to a quadratic curve. Further work to investigate this phenomenon will be conducted.
